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VOISCON 
I T o i s c o n  (an abbreviation of “Voice Control”) is a 

new concept in electrical switches. t responds to the 
voiced commands of a machine operator, meanwhile 
screening out other normal sounds. Here is a method 
of “no hands” control offering a limitless variety of 
industrial applications. Almost any number of machine 
control functions can be performed by an operator 
through the use of voice control, leaving his hands 
free for other more important work. Voiscon will hear 
and respond to a voiced command even in the pres- 
ence of very loud surrounding shop noise, or from a 
considerable distance from the microphone. 

VOISCON FOR .PRODUCTION * SETTING UP large and complex machines where con- 
trol can be made more accurate with both hands and voice. * STOPPING a machine quickly when the operator may 
not be near the switch to prevent damage to the machine 
or production process. 
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* STARTING OR STOPPING one machine function with 
a voiced command while control l ing another function 
manually. 

VOISCON FOR SAFETY * STOPPING a machine quickly in an emergency situation 
where the danger of personal injury is imminent. 

In institutional applications, Voiscon opens up an entirely 
new field of machine control. 

VOCATIONAL SCHOOLS - Giving the instructor the ca- 
pability of stopping or starting any machine in any area, 
regardless of where the instructor may be in the room. 

REHABILITATION - Providing handicapped persons who 
have paralyzed or missing extremities the opportunities 
to operate equipment through the use of only their voices. 

HOSPITALS AND THERAPY - Starting up wheel chairs, 
turning on radios, turning pages of books, calling nurses 
when infants are crying- help for the helpless. 

SPECIFICATIONS 
FOR ALTO SCIENTIFIC COMPANY “VOISCON” 

1 Input-up to four microphones in parallel, and a “carry- 
on” microphone which, when plugged in, disables the other 
four microphones. 

2 Microphone Type - Shure Model 401A, furnished with 
unit. 

3 Ambient Noise Level-Up to 110 db. 

4 Controls - Power on-off with indicator 
Test-operate selector with indicator 
Sensitivity 
Single-double command selector 

5 Output-One set of dry contacts (NO or NC) rating: 
1 amp @ 115VAC or 30VDC. 

6 Control Functions-Built to customer specifications and 
installed in a separate unit. Possible functions are Latch 
Stop-Manual Reset, Timed Go, Stop-Go on alternate com- 
mands, and many other functions. 

7 Power Source-115 f 10% VAC, 60 cps, single phase. 

8 Size -10  wide by 12” high by 5” deep. Weight: 15 Ibs. 

for field or engineering help with your machine control roroblems, call or write 

A L T O  S C I E N T I F I C  C O M P A N Y  m -  4083 T R A N S P O R T  S T R E E T ,  P A L 0  A L T O ,  C A L I F O R N I A  P H O N E :  321-3434 , 
i I 



FASTER STOPS CUT DOWN MACHINE 
DAMAGE-LESSEN DOWN TIME 
Voiscon control reduces the severity 

of machine jam-up . . . the quick stop 

makes it easier to clear the machine 

and get it back into profitable pro- 

duction. 

Microphones (white arrow) are placed 
above the machine, thus letting the 
operator control the machine from 
any point-even when his hands are 
busy. 

Voiscon switch (black arrow) is 
mounted on or near the machine 
allowing operator quick access to the 
controls. 

VOISCON INSTALLS EASILY 
ON EXISTING EQUIPMENT 

Microphones are simply plugged into 
the jacks on the bottom of thevoiscon 
switch.The output line of the Voiscon 
control is then connected to the motor 
control relay to interrupt the circuit 
on the voiced command. Any size ma- 
chine can be controlled by increasing 
the number of microphones. 

MICROPHONES 

h MOTOR CONTROL RELAY 
L 

I 

VOISCON SAVES MONEY AND IMPROVES SAFETY 
The need to adjust, clean or service machines while running, 
requires that some type of safety guard be incorporated to 
protect the operator. Voiscon, in one simple control guards 
the entire machine by allowing the operator to stop it quickly 
with one voiced command. This quick stop may be necessary 
to save the machine from damage, but it can also save an 
operator from serious injury should he become entangled in 
the machine. 

TYPICAL VOISCON APPLICATIONS 
0 Printing presses (release pressure on cylinder) 
0 Container forming machines 
0 Painting and coating processes 
0 Saturators (for stop and go threading) 
0 Metal formlng machines 
0 Rubber mlxlng mills 
0 Conveyors, assembly lines 
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1.0 Study Oblective 

There were two obiecttves for the study performed under Contract NAS 2-1394 

I )  Determine if A l h  speech recoyit ion detect circuits can measure chatqes 
in a pilot's speech under varying environmental G stress. 

2) Make a preliminary evaluation to determine whether peak power asymmetry 
measuring techniques show pron isf; in obtaining a sophisticated phonocario- 
gram - particularly as related to r*reasuring change in  cardiac sounds under 
varying G stress. 

inherent in these two ot,jectives i s  the desire to develop additional techniques 
for determining pilot weII-being ifi manned spce  flights ond tc de se within h e  
practical timits dictc-ted by vehicle erivironxents. 

I: 



2.0 Introduction 

As a result of listening to voice repoiis made by pilots in manned ceniriiuges, 
many persons within I4ASA have rioted that the pilot's voice "quality" and 
abiii iy io farm ceriuiri sourids were cliiecied under coltcii-ions of high C= Stress, 
In addition, as a resblt of the effect of hydraulic displ-lcenie!lt upon cardiac 
valving, some physiologists surir,i>e tllat sounds emanal irig froill : h c  heart mighi 
also change under acceleration. 
mine  whether these changes could be objectively measured. 

T ~ I ~ J S  tlic purpose of t h i s  stvd, rjas to deter- 



3.0 Technical Background 

3.1 Prdtrc t im cf Speech 

Voice sounds are those sounds prnriuced by laryngeal vibration (often referred 
to as vocal fold vibration, phonation, or simply voiciiic). Phonation is  
accompanied by resonance effects in  the trachea, the pharynx, the oral 
cavity, and the nasai cavity. '?e& SOJndS, for puvaes  of this report, 
w i l l  be corisidarcd those pc rpc j k ,  commurlicat;\e somds that iiiclude phon- 
ation and/or articulation totus rcsonances msociaLcd with both), where 
articulation i s  the controlled i:itcvuptiori of the phonated or non-phonated 
breath stream. 

In order to present examples of speech sounds, use i s  made of the ''phonetic 
alphabet" (see Appendix A) w l x r ~ ~ i n  soti; id5 arc descri'jed 
Phonetic synibols w i l  I Le showii undcrli:ied in part.ritlic:is, e. 9. , "food" 
,vou!d be shov:r! phonetica!ly cs ( f d  >. 
a single sound, but rather a scriesTsIightly different sounds that include 
all variations which are perceived acoustically as bhe sound under consider- 
ation. Measurements 
made of speech sounds can he expected to vary within the l im i ts  of the 
accuracy of phonemic production. 

syrnbols. 

Phonetic sy~i!mIs do not represent 

Such sourid fan ilies clre referred to as ''plionemes''. 

An example of a purely phonated sound i s  the word "al l"  ( 31 ). 
i s  produccJ roushlj as follows: ( ee lilustration i) \ / i L r a G n  i s  produced 
as a snw-twth wavefornu at tlw vocal folds, item 28, by the controlled out- 
flow of a tr-cheal airstream. The rate of vibration, or pitch, for this sound 
woJld fal l  into 100 to 200 cps ra! ge for the averzqe rrtalc adult. 
resonat ion chamber transcends from a tongue depressed, open mandible 
position for the ( 3 ) sound to a tongue-alveolar coritar;t and sornewhat less 
open mandible posftion for ( I ) sound. Coupling into the nasal cavity i s  
controlled by the position ofThe velum, or soft palate, itern 3. The sound 
(31 ) i s  considered primarily non-nasal because tlic major fraction of total 

the major resonating cavities over which control can be c..uercised i s  (a) the 
cocpling to the nasal cavities, wlrich are in themselves of fixed size, und 
(b) the size and division of the oral cavity by means of the mandible position, 
the tongue position, arid lip position. 
exhibit variations i f  G stresses caused partial or total loss of coritrol over 
these cavities. 

This sound 

The oral 

energy is orally rather than nasally directed. It i s  apparelit, then, that 

Measurrner.t of speech sounds would 

The cavity . .  openiriijs tend to reinforce certain frtqueiic j cotnponents prcsc;;t 
in  vocal fold vibratioi-, wi:ich gives ail sounds an iridividiral "character". 
This chnrg~ter cat! t e  &scr!Lcd ILty fortr!nnt Stnjcttirfi?i i; e: 
in which energy i s  concentrated during the production of a speech sound. 

freqiuency bonds 
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Median Sogittal Section Through The Heod And Neck 

1. Sphenoicbl sinus; 2. Hord Palate; 3. Soft Palate; 4. Uvi 5. sup- 
erior PhorynwI Constrictor; 6. Middle b y n g e a l  Constrictor; 1'. Vallecula; 
8. Epiglottis; 9. Aditus Laryngis; 10. Vertebral Cmol; 11.  Arytenoidei; 
12. Cricoid Cartilage; 13. Esophagus; 14.Nasal Cavity; 15. Maxilla; 16. 
Teeth; 17. Om1 Cavity; 18. Lip; 19. Mandible; 20. Genioglossus; 21. 
Geniohyoid; 22. Hyoid Bone; 23. Adipose Tissue; 24. Hyperglottal Cavity; 
25. Thyroid Cartilage; 26. Superior Ventricular Folds; 27. Glotus; 28. 
Vocal Folds; 29. H m l o t t a I  Cavity; 30. Tracheal Cartilages; 31. Trachea 

ILLWSTRATION 1 



3.2 Clauification and Competence of Speech S W ~ S  

Speech sounds can be classified as follows: vowels, glides, and consonants. 
The vowels can be divided inio rwgh degrees af mandibfe v n I n g  as f ~ ! i ~ ~ ; ; s :  
(a) closed, (b) intermediate, and (c) open. Corresponding examples are: 
(a) eat ( It 1, (b) up (A-  ), arid (c) a l i - (D!  ). G l i d e  (aften coIlec! !iquids 
or semi-Gels) are &bunds resultingftom the connection of one vowel 
to a second vowel while mainhin ing continuous voicing. Examples of the 
glides are the sounds ( I ), ( r ), ( w ) and the diphthongs. 
be divided into four m&r g&ps;Xe stop plosives, the nasals, the continuant 
k!tet?vts, o d  the dfrico+es. The p!esivt?s g d  Mwt!ves C Q ~  be fi-trther 
divided into surd (voiceless) and sonnet (voiced) sounds. 
sounds follow: surd stop plosive, "two" ( tu ), nasal ''no" ( no ); sonnet con- 
tinuant fricative, 
speech sounds generally reGtes to the accuracy of aphonemic production. 
Previous training dictates the l imits of acceptability so that, in simplified 
terms, any speech i s  in a delicate balance of continual correction by the 
cornpariron of actual p d e t i m  to the "stored" inforiiiation concenlng 
correct production via the speakers aural (hearing) mechanism. Competence 
cas determined by perception of a single speech sound i s  without degree; 
cither an acceptable phoneme is produced or it i s  not. 
cesses involved in a phonemic production can be individually rated on a 
mu1 ti-point scale. 

Consonants can 

Examples of these 

( zu ); aRricate,Tcats'' ( k c t s  ). Tompetence of 

However, the pro- 

Though perceived competence is  without degree, an electronically measured 
competence factor can show degrees of degradatlon or improvement. 
devices can also rate acceptable and unacceptable phonemic production. 
An example of such a device i s  the Alto SIGMATOhV\ETER described in 
Appendix B. This device measures competence of the surd fricative ( s ) 
and i t s  sonnet counterpart ( z )  by a meter display of the absolute numhr 
of a x i s  zero crossing present: A modification of t h i s  instrument has been 
employed for studying one index in determining speech chonges under G 
StWJSS. 

Such 

Peak power asymmetry offers a second index of speech performance under 
stress. Since speech represents one of  the higher order, non-vital, functions 
performed by mon, it i s  not unreasonable to assume that disturbing influences 
will affect speech processes long beifore many vegetative functions are af- 
fected. Asymmetry, being the result of phase structure, i s  sensitive to those 
speech functlons that would influence phase. Of particular importance i s  
the coupling and size of cavity resonators within the vocal tract. Appendix 
C describes the Al to VOISCON, an instrument employing peak power asym- 
metry QS a prime methad in the distinguishment of voice from noise. 



Rate and level of speech are additional parameters which can be employed as 
separate indices of speech. In oddition, level i s  employed as a normalizing 
factor in determintng absolute asymmetry. 

3.3 Factors Affecting Phonation and Frlcatlves Under Stress 

It  appears reasonable to  assume that emotional disturbances w i l l  accompany 
physical disturbances due to acceleration and to a degree iwrgeiy dependent 
on the particular pilot and the situation which he encounten. The effect of 
the* &s+d&nces t?l? + p c h  hsve kppn c ~ ~ ~ i & r ~ d  QS ~1 c!ng!e combined dh- 
turbance. The purpose of this section i s  to consider briefly several major 
functiongi areas that would be disturbed under stress and project possible 
effects on the production of fricatives and phonation. 

a. Respiration: Because a controlled air stream i s  required for the production 
of a l l  speech sounds, changes in this fGnction would reflect changes in 
phonation ability mos t  probably by interiiity and/or rats variath;. 
tives (and ploslves) require a larger expelled air volume than do phonated 
sounds so that intenstty variations could be expected; however, i f the 
artlculators were not affected, it i s  unlikely that spectral makeup or a x i s  
density of he frfcatives would be affected. 

Frica- 

b. Auditory Acuity; Since speech sounds ore the result of aurol perception in 
a closely controlled feedback loop, phonation and fricative production 
would bear a direct relationship to the speaker's ability to normally per- 
ceive these sounds. 
affected, the originating instructions from the brain would not be correctly 
applied if the Input (aural) information i s  in error. 

Even though neuromuscular control be totally un- 

c. Neuromuscular Coordination and Control: If the position of the artlculators 
either cannot be adjusted or cannot be adjusted rapidly enough, maior 
changes in asymmetry patterns during phonation, and axis density patterns 
during fricative formation would be expected. Coordination and contol 
dfsfunctions can result due to physical and/or emotional dbturbances, and 
it ir believed that tonicity of vocal tract surfaces may 5e greatly altered 
during such disturbances which would bear heavily on asymmetry measure- 
ments even with normal articulation. 

3.4 Objective Speech hE,oasurements 

!. 
J 



anal + can e obtained over the frequency range of the human auditory tract. 
i s  of speech signals, wherein a measure of energy per unit bandwidth 

From his and other work, a basis for understanding, and even mathematical 
analysis, of the processes whereby swnds are produced, and perceived has 
resulted. 
can generate and decode speech sounds. 

Further, machines have been constructed which, wit'hin iimitations, 

Because of the apparent wealth of information contained in the spectra of 
speech, some recent investigators have employed the "self-organizing system" 
in an attempt to classify founds, or more accurately, to classify the spectral 
patterns which can be derived from sounds. Such machines are ''trained", in 

the spoken word "five" would be accompanied by manually depressing a button 
labeled "five1'. When a mcond pattern i s  presented along with the proper 
training, the machine tends to classify by weighting heavily the unique in- 
formation in the second pattern and weighting lightly or not at a l l  that 
information common to both patterns. I s  this process similar to the human 
counterpart in hearing, learning and understanding? Certainly, spectral 
infornatiori i s  o very important aural input, however, the learning the under- 
standing mechanisms of the human brain ond i t s  associated neural transducers 
are only vaguely known at best; the point being, that even i f  machine: could 
duplicate "nature's" way of accomplishing an end result, this may not at a l l  
represent the best or most efficient solution. The classical example i s  the 
aeroplane which, unlike the bird, does not flap i t s  wings. 

the, the cmrect mswer ?: %pp!kd olmg with :he IiiiCermatbii pattern, e .  9. I 

As an outgrowth of work performed at IBM, Alto Scientific Company has 
undertaken a series of investigations of speech sounds in manner not nec- 
essurily performed by the human hearing mechanism. One important outcome 
of these investigations i s  the measurement of a characteristic of speech sound 
waves termed "peak power asymmetry". The principle involved i s  one of 
phase structure within a complex waveform (a characteristic of sound not 
discernfble by the humon auditory makeup) and can be measured by the alge- 
braic subtraction In real time of the positive going peak envelope from the 
negative going peak envelope of an input speech (or other) waveform. A 
second aftcome of Alto research has been the use of axis density measurements 
in classifying speech sounds. This principle involves the measurement of the 
number of times an input waveform crases a reference level (normally the 
zero reference level) in a given time interval. 

The meaning of such parameters as peak power asymmetry and axis density as 
they relate to the solution of a problem can, as yet, only be empirically de- 
termined. Devices employing these principles are already being marketed 
in several areas: Language Teaching Aids, Therapeutic Applications Involving 
the Correction of Speech Deficiencies, r)pvicpc i?arnnnrb;ng --r - * * - * *  * te ~ ~ m i t e d  \:=Cc;= 

bulary, Devices that Leeenire  the H ~ m a n  Vocoi Fold Vihrctinn !E the 
Presence & High An;t;ient I"-!oise E f i ~ ~ i ~ i i i i i ~ f i i s ,  orrd :pee& Teaching of the 
Deaf. 



These princlples have been implemented in terms of hardware and used in 
performing t t ' i s  study a i  the Ames Five-Degree-of-Freedom Centrifuge in an 
attempt to discern changes of voice characteristics as a function of G stress. 

3.5 The b - r t  and k a r t  Sounds 

it i s  generally agreed that the easily detectable cardiac sounds are a result 
of muscle contractfon and vdvirhg. 
frequency region (above 500 cps) that represent minor heart swnds are con- 
sidered clinically important in ccrtnir, cnrdinc disfiinctions si>& 5 s  rniurmijrc 

However, since l i t t le  contribution to peak power asymmetry measurements 
results from such sounds, only the lower frequency, higher energy sounds 
w i l l  be considered. 

The energy corttairxd within the high 

The heart i s  basically a comparhented muscle possessing four special prop- 
erties: 

a) It i s  automatic not requiriiiij stimuli from the central nervous system for 
maintenance of i t s  actlvity (although the nervous system may modify its 
activity). 

b) It i s  rhythmic displa)*iria ail inflexible series of Q-erations or events. 

c) It i s  insensitive during i t s  contraction cycle to further stimulus so that 
i t s  rhythclicity i s  not disturhed. 

d) I t  i s  binary in response either making a maximal contraction or none at all. 

Referring to l l lu~tratiori ?.B, a vastly simplified description of a cardiac cycle 
follows: Ventricular contraction causes closure of the tricuspid and bicuspid 
valves. P b o d  i s  thereby puinped irito the pulmonary artery to the lungs 
through the pulmonary semilunar valve, as wel l  as ivto the aorta to systeiITic 
(or greater) circulation through the aortic se:;iilunar valve. 

Oxygenated blood from the lungs vla the puI:nonary veir.; as well as venous 
blood from systemic circulatioti, empties into the left and right ventricles 
respectively, where, during atria contraction, blood is pumped into each 
respective ventricle. 

- ..,enerally, two cardiac sourids circ easily recognized: The first sound as u 
result of ventricular contraction and bicuspid/tricvspid valve cbsure, and 
the second sourd as a result of ser;;iIunar valve closure at the time of veritri- 
cular relaxation when arterial !;imd pressure exceeds ventricular preswre. 
!I lustrotion ?A b>?t~p tract) & p i ~ f ~  typir ,~! .  rpr,~r&d c=rdlac sn~~nds. T!:c 
first sound i s  of lower pitch and longer duration than the second sound; for 
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this reason, the second sound i s  normally acoustically percelved as the 
I oudest . 

The top trace of Illustration 2A depicts an EKG signal and i t s  time relation- 
ship t~ +!?e first and sec0r.d cardiac s a r d s ,  

FmpIric~! detprrningtions m o d e  in the pgrt indicate that most impact type 
sounds display peak power asymmetry. 
to both the f i rst  and second cardiac sounds, tends to gerieratr? a hydraulic 
impact due to the sudden interruptton of flow. As can be seen in  Illustration 
2A (bottom trace) a definite positive valve of peak power asymmetry i s  
present. 
would be expected that the absolute magnitude of asymmetry may also differ. 
Fwther, if the )lydrae.lic dazping caused by the elasticity of the arterial 
system is  in any way influenced by G stress (or by physical or emotional dis- 
turbances as a result of G stress) absolute asymmetry would alx, be affected. 

Cardiac valving, which contributes 

If, under G stress, flow interruption dlffers from that at 1 G, i t  



4.0 Data Accumulation and Rebctlon 

Instaliatlon of measurtng equipment was performed at the A m e s  Five-Degree-of- 
Freedom Csi tr i fqp  bstiveai 6-24-63 and 6-27-63. 
158 runs were monitored during the period of 6-6-63 and 6-27-63 to 7-19-63. 
Appendix E prewntr a thmolegic~ll hfstory of dates, niirher ~f miss monitored, 

Cighieri pil0i5 in a total of 

ond pilots. 

In the accumulatlen of dub, certain constraints were imposed in  that the prime 
purpose of the runs monitemd was not the objectives Qf this study. Briefly, h a  
cms!Ts?nt. WCHI es h!!M 

o 
o 

o 
o 
o 
o 
o 

Accumulation of data en a non-interference basis. 
Mandatery use of a Roanwdl mfcrephone which was connectd into tho inter- 
can system. 
Unwillingness of some pilats to speak during runs*. 
Unwillingness of some pilots to wear the cardlac transducer. 
Mafority of data wns m& at 3.5 G or less. 
Inability to optimize piacemnt of cardiac transducer 
Addition of vibration to G bias. 

Inltiaily, I t  was ant lc ipatd that only 20 runs would be monitored, however, 
because of the constraints, about 8 times t h i s  number were monitored In an 
attempt to flnd cooperative subjecb which would recite test sounds at 1 G and 
the some test sounds at higher G levels (without vibration). 
order to obtain cardiac information with as few extraneous influencer as practical, 
subiectr under G stress should remain physically and vocally quiet. 

In addition, in 

Parenthetically, no criticism of any pi lot i s  implied or intended. Alto i s  parti- 
cularly grateful to k. R. Weick and the centrifuge crew a l l  of whom cooperated 
to the greatest extent possible. 

4.1 Meaourirm EcruIoment. Voice Channel 

Referring to h e  System Block Diagram, Voice Channel, Illustration 3, the 
followtng equipment was recommended for use: 

o Microphone - Electrovoice 624 
o Reamptlfler - Shure M65 (modified) 
o Power Ampllfter - Scott 295C 
o A d s  Density, Asymmetry and iiate/Levsl Detectors - Alto 
o Tape Recorder - Ampex 601 
o Tape Recorder #2 - Wollsnsac T1515-4 

+Due to possible distraction in performing other problem assignments. 
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Of the equipment recommended, the microphone was the only item changed 
by Ames because of unavoidable circumstances. 
phone was substituted, which necessitated the additioq of a hi-pass filter 
(A!!iw?n 2A) and nt? AC P.m;?Iiiier (HP 450) i n  the frlcnfive channe!. The 
substitution of the XoanweII microphone was unfortunate for the following 
reasons: a) Asymmetry output of this microphone was essentially unidirectiana! 
and of very small magnitude. Such characteristics are the result of poor low 
frequency response, a prestressed diaphragm, and high ‘3 resonances in the 
!ow frequency poriion of the pass band. b] Fricative axis density measure- 
ments are best made above 7 KC. The high frequency cut-off point of the 
Roanwell microphone was approximately 3 KC. This  necessitated the addi- 
tion of a fiiter/arnpiifier in order to attempt to separate the higher order 
phonation formants from the relatively low energy content of the fricatives 
and s t i l l  remain within the passband of the microphone 

A “nanwel I M87/A 1 Z micro- 

I .  

Because of the impractibility of utilizing the Elcctrovoice microphone, i t  was 
necessary that Alto equipment be tied in parallel wit5 thc input to the centri- 
fuge intercom mpl i f ie r .  Noise and h m  from this tie-in prevented attainmect 
of signal-to-noise ratios that would have permitted high quality recordings. 

4.2 Measuring Equipment, Cardiac Channel 

Referring to the Yystem Block Diagram Cardiac C:tmnnel, Illustration 4, the 
following equiprnen t was recommended for use: 

o Cardiac Trunsducer - Clennite MP202 
o Preamplifier - Shure M 65 (modified) 
o Power Amplifier - Scott 299C 
o Low-Pass Filter - Alto 150 cpr linear phclse LP Filter 
o Low Frequency Asymmetry Detector - Alto 
o DC Amplifiers - Dymec 2460A and Kane KEL-506 
o Tape Recorder - Ampex 601 

Of the equipment recommended, the cardiac transducer was the only item 
changed because of excess cable noise in the capsule wiring. A lower im- 
pedance t raducer  was substituted (Sanborn 350-1700-ClO) in order to 
obtain data. The major disadvantage of the Sonborn i s  the relatively large 
degree of acoustical coupling of ambient background sounds via air media. 
In addition, since the Voicc-Cardiac Tystem employed a common ground, 
noise and h u m  were also introduced into the cardiac channel for the reasons 
listed in Measuring Equipment, Voice Channel. 

A photograph of the electronic tquipment i s  shown i r i  Illustration 5. 
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4.3 Speech Data 

Upon coq ic t i on  of t!;c tcst runs, a chart was rz-cwdcd at  Ar:;cs ( b y  Alto 
personnei) using an Eiectrovoice 664 microphone in f'iaca o i  tile -.oanweii 
rrricrophone in order to illustrate the  r: pe of ijaseIir!e data originally ex- 
pected. (See lll&raiion 6A. j  i-4ote that ri-re asymmetry of Those V O V V ~ ~ S  

representing smal l  oral cavity openitigs, ( i ) and ( u ), tend to display 
opposite polarity from those rcprcsenting the larger cavity openings. In 
illustratioii 6B, a number count of through ''zero i s  shown. ;he 
fricative channel shows deflections for toth the initial and final ( s  ) in 

and "zero" respectively. 
on the asymmetry OT rate/level channels since they are symmetrical and 
of considerably lower energy level than the vowels. 

.- II . 
LL- _ _ _ _ _  l i - ~ . . ~ ~  --A LL ' *b : - l  - \ -.-J 1 __ \ __.._ J, ' LL ...-_ A 1I-Y .--- I 1  
I I I C  WUIU S I P .  uiiu c i r i j  iiiiiiui 3 UIIU 1 L I WVIIW in I I I ~  w w u 6  JCVWII 

Further, the frEatives do not show deflections 

9eferring to Illustration 7, typical sections of the Letter chart recordings 
are shown. 
(iiato run $ 9 ~ )  in ti le form of a number count of ''one'' to tIsevenl! to IIone". 
Asymmetry deflections are primarily uriidirectior.al, whereas fricative 
and rate/level channels appear as expected. The same number count 
was repeated at 3.5 G bias wlth vibration interposed during half the 
count (IIIustration 78). 5ubstantial changes in dgta appear in two vyays: 
first, the average level with which the words are produced approximately 
doubled; second, the fricative channel responded to each word. A rather 
large tloije cor;tttr-t U I I  the aspnc.try channel prevented any quantitative 
reduction of data; however, the approximate asymmetry, when nomalized 
for level variations, does iiot show any discernible trend at this level of 
2 Lias. because vocai pitch generally increases with level, the output 
of thc. fricative channel under C bias i s  most probably due to increased 
energy level of the higher ordcr v ~ w e l  formants. The use of tlie l imited 
bandwidth ?oanwell niicrophone i s  predominately responsible for permitting 
high order vowel formants to appwr as fricatives, although the power 
amplifier dynamic range limitation may be approacl-,cd during some words 
which would result in increased distortion. 

In illustration 7A, datfJ at rest was takeii from k\cMiI lan 

Illustration 8 depicts data taken from Gary McPJabi ((lata run '';6L) at 3.5 
G bias with vibration interposed during the number count. b e l i n e  data 
was not available from this pilot; however, the sirnilarities to Illustration 
6B are apparent. 

Of a l l  voice data accumulated, one particular run was made at 6 G without 
vibration. In addition, tt-,is was t h e  only run olwrved in which the con- 

fortungtely,. not a l l  ~!~cj~~m:ir qi!!inrnpnt i- r '  wcs incta!!...rl gt f ! : ~  fI:ie cf this 
run so ilia+ &ia was rape recorded and ihe resuiis phoiographea from an 
oscilloscope. Referring to Illustration 9, the asymmetry and rate/level 
i s  shown for each of the two C conditions. 

tm!!Pd vccabl-!!=r)' & su:>ds ;A+'Gf s;3i?.keE f;t ! m,d cSGi2 G t  6 {:. en- 

The traces are iotcrpreted as 
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6 G  RUN AT AMES 6-6-63 
PILOT: GLENN 
REPRODJCED FROM TAPE 



follows: Mr. Thomas b e  of Alto first phonated each sound; after a short 
pause the sound was repeated by the pilot. The t ime intervals labeled "T" 
are the reference sounds (in some cases preceded by the word "now" or 
"ar!d"), wlicrms the unlabeled infcrvals arc the pilot produced sounds. 
:Locause suLlec;i\e data changcs ai< dlsccmibiz i>et:.;een h e  ! w ~  G con- 
ditions, this data was reduced \);# deriving an index nunher rapresenting 
the asymmct:y for eo& s o l d .  
when present, i s  a first order function of level, an index number w i l l  
result From the following operation: 

c- ince the atsol~te  rnagriitride of asymmetry; 

where I (  ) i s  the index for a particular phonetic sound - 
A i s  the asymmetry envelope, the subscript being the G bias 

L i s  the level envelope, the subscript being the G bias 

5 - 9 i s  the length of phonetic production 

?esults are US follows: 

-. 53 
-. 062 

-. 62 

t. 36 

+. 76 

t. 21 

-. 92 
+. 012 

-. 013 

-. 22 

4 . 3 5  

+. 24 

Because of the limited nature of th is  data, other methods of reduction and 
normolizotlon have not been attempted. 
represents a phoneme so that additional data i s  necessary in order to determine 
the separate sensitivity of the index number due to phonemic production and 
stress. 

In addition, each sound spoken 

4.4 Cardiac Data 

Cardiac data w a s  obtained from most pilots during the time voice data was in  
the process of being taken. A typical phonocardiogram was made at Alto 



using the same equipment ultimately installed at Am-. 
10, a phonocardiogram typical of those to be expected along with the wlde band 
and Io-pass asymmetry patterns are shown. Asymmetry Is definitely evident 
though the physioiogicai reason for i ts  presence i s  beyond the scope of the 
present study. The top h c e  displays unprocessed heart sounds; the second 
irace displays asymmetry of those frequency components up to 150 cps; the 
bottom trace displays wide-band asymmetry. (Note that the inversion of the 
bottom trace with respect to the second trace i s  a function only of an inversion 
t y  the oscilloscope photographed.) No attempt w a s  made to interpret such 
data i n  itself; instead, cornpartson of such data at different levels of G stress 
waa t,urrtorripiarau in uder to discover ii cardiac asymmetry wqs in any way 
related to stress. 

Referring to Illustration 

_.___ _ _ _  - - - - I  I-J ? .  _ _  

Iliustration 11 and 12 depict typical sections of cardiac chart recordings made, 
Illustration 11 taken from pilot Jim Show (Data Run 019C) depicts cardiac data 
at rest. Illustration 12 depicts cardiac dab from the same pllot during the 
application of G bias. The additlon of vibration, not shown in these runs, 
simply increased the noise levci present. 

Due to system hum and noise as well as superimposed vibration during G bias, 
preliminary examination of the cardiac data recorded (to 3.5 G) offered very 
l i t t le promise in the subiectfvs determination of any changes. In exploring 
useful methods of dah reduction, several comparison photogmphs were taken 
in  the Alto laboratory. From these photos, one unexpected result has been 
partially uncovered, I .  e., under certain circumstances with the suCject tested, 
the absolute polarity of measured asymmetry appears to reverse as the respiratory 
cycles transcends from inhalation to exhalation. 

This data i s  presented on only a tentative basis, for the scope of the present 
contract does not provide for additional investigation in this area; further, 
effects of increased cardiac-monitoring point distance during inspiration of 
breath (which would influence amount but not necessarily polarity of asym- 
metry) and increased transducer diaphragm pressure during inspiration have not 
been analyzed. Referring to  Illustration 13, definite respiratory patterns are 
shown whem the subiect breathed deeply at a controlled rate. 



I I  I I I l I l  
o 2 4 b 8 r o 1 2 1 4  

TIME IN SECONDS 

UNPROCESSED CARD\ AC SOUNDS 
( PHONOC AROIOGRAM) 

LO-PASS ASYMMETRY 

WIDE BAND ASYMMETRY 
(INVERTED) 

ILLUSTRATION 10 



i 

c3 
Y 
W 

.. .  



z 
I- 
4 nr 
I- 
6) 
3 
J 
J 

0 
d 

c 



5.0 Conclusions and Recommendations 

5.1 Seulization cf Objectives 

o Speech sounds - Of the large amount of data taken, that most suitable for 
prefin,Irtaiy reduziioi-i was ot ihe higher (6 C )  level.  If fieri&, ather than 
a level increose, are present a t  the lower (3.5 C.1 level, they have been 
masked by the microphone dictated for use and the lack of control which 
Alto was able to exci5c over experimentation (due to the "piggy-back" 
nature of this study). The data taken at 6 G displays marked changes in  
a;ymmcf.:y f;om that at ? c ,  A; G :esu!t, e :entii:ivz zonclusloi; :isti: be 
drawn that voice sounds, when viewed on the basis of asymmetry, change 
l i t t le or not at all up to m e  given level of G bias (presumably between 
3.5 G and 6 C) and change rapidly after some threshold pcint. 

o Cardiac Sounds - Because of constraints in the accumulation of &to, no 
attempt has been mad2 to reduce cardiac data from actual centrifu5;c runs 
beyond the conclusion that the heart sounds do display asymmetry. Limited 
laboratory data may indicate a relationship between cardiac asymmetry and 
respiration. 

5.2 I?ecommendations 

In order to ful ly investigate the possioility of rating "pilot wt:II-teir:g" b:, 
means of his speech, and to oLtain more i:Iforrnution cor:cerriiq I I I C ,  relutioti- 
shlp of cardiac asymmetry to sfress, i t  i s  recornmended th I t  -I series of ctbrriri- 
fuse experiments be conducted solel) for this purpose. 
experimentation at Incremental G levels up to as high as 12 or 14 G with the 
inclusion of physiolqlcal and bio-medical cionitoriny ?e the sreartst feasiLjle 
extent should allow data correlation not possible w d e r  the c i m I  hnt effort. 

In addition, control led 

Certain other areas might be worthy of sirnultaneoiis investigation during corr- 
trolled conditions, e. 9. , tho feasibility of min-riiachiiie con-linuiiica:iwi via 
speech, and the measwoment of other speech and cardiac pr..rrneters OS fcrrther 
indices of well-being (spectral distribution arid frequency derivatives). 

It is  recommended that any follow-on study be separated into two phases as 
follows: 

Phase I 

o Construct measurement equipment in  "building block" form so that circuib 

o Make the following measurements as a function of G stress by rnodIficgt.ion 
optimization is  pQSSIb!P in the cantr i fqe en\.lirnnmPnt. 

gc AIL.-. -----I- _ _  ---- 
I MIIU WCeLIl rI&fJJuIlb!V8 &Vice% 

- Real time rote and level as an analog function of time. 
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- :\ea1 time fricative arid selected plosive competence as an analog 
function of time. 
Asymrneiry iritegrated over t!;e test phrase. 
Fricative and selected $oslvc iriteyrated over h e  i t  s i  pltrae. 
!<ate a d  level inrqjrstcd over the test plirase. 

- - 
- 

o Make the foIlowing cardiac ineasuremcnts us a function of i; stress by 
nidification of Alto speuch responsive devices: 

- Real time phonocarciiwrdiii. 
I '  - t i ~ ~ i  iirne curuiuC u ~ y l ~ i i l i ~ r r j  as i i i i  aiia!c;ij f t ; ; ~ t i ~ ; ,  ~f t i ~ e  :.::!h 

consideration of predetection filtering to obtain best results. 
h r d i a c  aryninwtry iiitegraied over a specified irui;tLer of ELL - 
miilp les. 

o investigate certain other speech parurnetars as c( function of &; stress ori 
a preliminary basis. 

- - Change in spectral density of fricatives anci affricates. 
Change in tonal quali;y of phonation. 

o include certain voice circuits as ancillary eqbiipment in order toobtain 
preli,.linary chta concerning the feasibility of direct cot!trol via a speech 
f u w t  ion. 

P1,ast 1 1  
-_c 

o besign and construct an adcptive threshold l%ii corriputer i o  operate in 
conjurtction w i t h  the speech rcsponsive dcvices of Phasc 1. 

o Construct equipment for measurement of spectral distribution and frequency 
derivatives as additional inputs to the computer. 

o Make speech/cardiac rneaswemc-nts as a function of i stress a i d  detcrrniric 
by relative computer weighting those parameters that odi  ibi t  thc greatest 
relationship to G change. 

o Refine those measurement devices exhibiting the greatest G relationship 
and employ them os sole computer inputs. 

o Calibrate computer weighting in  term of G stress so that G level i s  presented 
directly as a result of speech input. 



A P P E N D I X  A 

Table of Phonetic Symbols 



APPENDIX A 

UP 

TABLE OF PHQNETK SYMBOLS 

The Neutral Vowel 

The Intermediate Vowels 

($1 early ( S I T )  General American pronunciation 
(5 1 -lY (3 Sasthern and Eastem pronunciation 
<;;_) (See Neutral Vowel above) 

( Q )  palm (Porn) 
The Open Vowels 

( fu4 

(noterr2 n ) 
<,f;tl 
(3j) 

as pronounced in England ond often 
in America. Between (a) - and ( - J) 

(SDrI ) - 

The Schwa Vowel 

(a ) above, below, constitute (abhv), ( balm), (konstahdt) 

The Vowel Glides (Semi-vowels and Diphthongs) 

witch 
which 

YOU 
hue 
iaw 



-2- 

The Vwol  Glides (Contimad) 

Oral Modificajiorrr Of The Vowels (The 

Tho Stop Plosives 

The Gmtinwnt Fricatives 

The Affricates 



A P P E N D I X  0 

Descriptlon of Sigmatometer 

for Measurement of Fricatlve Competence 



A P P E N D I X  D 

Deftnition of Terms 



Sonnet - with voice, o voiced mwnd 

Tricuspid Valve - valve joining right atrium and right ventricle ond having three 
cvIp6 (or 'p;4 

V e m  Cavae - Vein emptying into right atrium and brmed by the junction of 
other vetns 

Ventrkle - moll cavity 

Voiscon - t rde  name of a device to recognize phonation in the presence of 
high ambient noise levels 
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Chronology of Centrifuge Data 2uns 



APPENDIX E 

Date  

6-6-63 

6 - 2 7 -4-3 

6-29 -63  
6 -  29-63 
6-29-63 
6-29-63 
6 -  29-63 
6-29-63 
4-29-63 
6-29-63 
6 -29 -63  
6- 29-63 
6 -29 -63  
6-30-63 
6-30-63 
6-30-63 
6-30-63 
6-30-63 
6-30-63 
6-30-63 
6 -30 -63  
6-30-63 
6-30 -63  
7 = 2 - 6 3 
7-2 -63  
7-2-63 
7-2-43  
7 -2 -63  
7 -2 -63  
7 - 2 - 6 3  
7 -2 -63  
7 -2 -43  
7 - 2 - 6 3  
7d2-63  
7 - 2 - 4 3  
2-2-63 
7 -3 -63  
7 -3 -63  
7 - 3 - 6 3  
7 - 3 - 6 3  

CHRONOLOGY OF D A T A  RUNS -------- 

Rum Number  

N o n e  

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
None 
20 
21 

23 
24 
25 
26 
27 
2 8  
29 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 ;  
52 
I A  
2A 
3A 
4 A  

3 3  -- 

Pilot 

Glenn 

Sierra Sam 
U n mo n n ed 

Sierra S a m  

Dr.  Matter 
C o p t .  N e v .  Clork 

Dr. Temple 

Paul LoChance 

M t k e  McMiIion 

Gary M c N o b b  

A I  C i p l i c k a r  



1 

-2-  

7-3-63 
7- 3-6 3 
7-3-63 
7-3-63 
7-3-63 
7-3-63 
7-3-63 
7-3-63 
7-3-63 
/ -3-63  
7-3-63 
7-8-63 
7-8-63 
7-8-63 
7-8-63 
7-8-63 
7-8-63 
7-8-63 

7-8-63 
7-8-63 
7-8-63 

7-0-63 
7-8-63 

7 - 9 - 6 3  
7 - 9 - 6 3  
7-9 -63  
7-9-63 
7 - 9 - 6 3  
7-9-63 
7-9-63  
7-9-63 
7 -9 -63  
7 -9 -63  
7-9-63 
7-9-63 
7 -9 -63  
7 -9 -63  
7-9-63 

7-9-43  
7-9-63  
7 - 9 - 6 3  

-. 

7-8-63 

7-8-63 

7-8-63 

? - Q = L 1  
- I  Y Y  

7-10-63 
7-10-63 

5B 
69 
78 
8B 
9 c  

1 oc 
11c 
12c 
13D 
149 
16D 
B 26 
8 27 
B28 
B 30 
831 
832 
833 
B 34 
835 
B 36 
B 37 
B38 
839 
1340 
84 1 
049 
850 
85 1 
852 
053 
854 
B55 
856 
857 
B58 
B59 
860 
361 
062 
063 
864 
865 
0 2  
B73 

04 
05 

Paul LaChance 

Mike  McMilian 

G a r y  McNobb 

D r .  Temple 

A I  C ip i ickos  

Paul LaChance  

Copt .  N e v .  Clark  

G a r y  M c N a b b  

M i k e  McMil lan 

A I  C i p l i c k a s  

Mafor  Gorman 



-3- 

7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7-10-63 
7- t 0-63 
7- 10-63 
7-10-63 
7-10-63 
7-1 0-63 
7-10-63 
7-10-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 t -63 
7-1 1-43 
7-1 1-63 
7-11-63 
7-*? 1 -4  3 
7-1 1-63 
7-1 1-63 
7-11-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 
7-1 i - 4 3  
7-11-63 
7-1 1-63 
7-1 1-63 
7-1 1-63 

0 1 A  
0 2A 
0 3 A  
04A 

066 
076 
085 
09C 
OlOC 
OllC 
012CA 
01 28 
013D 
014D 
015D 
016D 
885 
8 86 
887 
888 
8 8 9  
890  
06 
019C 
020c 
0 2 0 c 2  
023C 
021 B 
0 2 2 8  
0238 
024B 
0 2 4 8 2  
02483 
02484 
02485 
02486 
02487 
025A 
9268  
0 27A 
028A 
028A2 
0 28A 3 
028A4 

028446 
028A7 

05a 

0 2 8 ~ 5  

Deke Slaton 

Mojor Gorman 

Warren N o r t h  

John Young 

O r .  Temple 

J i m  S h o w s  

W o l  l y  Schlrra 

Gordon C o o p s t  



A L T O  SCIENTIFIC COMPANY ANNOUNCES 

T H E  

SIGMATOMETER 

A New Teaching Aid 

for 

The Speech and Hearing Therapists 

A I T  0 S C I E N T I F I C  C O M P A N Y ,  I N C .  
4083 T R A N S P O R T  S T R E E T  P A L 0  A L T O  C A L I F O R N j A  m P H O N E  3 2 1 - 3 4 3 1  



A leading instrumentation advancement in  

the f ie ld  of speech and hearing therapy has 

been announced by the Alto Scientific Com- 

pany This new portable, a l l  transistorized 
instrument i s  called the Sigmatometer. It i s  

capable of  distinguishing measureable dif- 
ferences between acceptable production of 

the (S) phoneme and frontal, dull or lateral 

l isps associated with faulty emission of  th is 

family of sounds. The instrument responds 

with a metered needle-and-dial measurement, 

providing an immediate indication of success. 

In f ie ld testing, teachers and clinicians have 

found that the Sigmatometer provides excel lent 

motivation for improvement of speech. A chi ld 

can now see how good h is  “S” i s  and com- 

pare i t  with that of  other children. Experience 

has shown that the “immediate response” 

factor controls the attention of  the student for 

longer periods of  time than any other device 

now available. As a result of  the attention 

factor, the rate of  improvement i n  speech i s  

accelerated - sometimes dramatically. 

Suggested Applications: 

0 Speech defective children and adults wi l l  
make significant gains in  abil ity to d i s -  
criminate fine differences i n  articulation 
of the “S” sound. 

0 Hard of hearing and deaf children are able 
to identify instantly a correct response. 

0 Children and adults who have cerebral 
palsy involvements, post operative condi- 
tions or other physical abnormolities which 
affect speech, may also profit from i ts  use. 

SI GMATOMETE R SPECIFICATIONS 

0 Physical Data: Light-weight, rugged 
aluminum case (under s ix  pounds) with 
baked-on scratch resistant textured finish. 
Physical size i s  8” high, 9” wide and 
under 4” thick. 

0 Controls: Power Switch - On-Off; Sensiti- 
vity; and Meter Return - Fast-Slow. 

0 Response Indicator: Extra large 4” moving 
pointer meter display graduated by numbers 
and f ive br i l l iant  colors. 

0 Microphone: Special high-quality micro- 
phone enclosed i n  a conventional telephone 
handset. 

0 Teoching Aids: Operating instructions and 
three attractive flash cards displaying 
selected words that have the (S) phoneme 
in  the init ial, medial, and final positions. 

0 Power: Normal household power - 115V, 
60 cycles. 

0 Extra Features at Additional Cost: 

A Battery operated (Model S-1B) permits 
use of  the Sigmatometer i n  locations 
where there are no easily available 
electrical outlets. 

A Detachable shoulder strap i s  available 
to free the therapists hands for carrying 
other equipment. 



A P P E N D I X  C 

Description of Voiscon As A 

Notse Tolerant Votce Switch 
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7-1 2-63 
7-1 2-63 
7-1 2-63 
7-1 2-63 
7-1 2-63 

7-1 2-63 
7-1 2-63 
7-1 2-63 
7-1 2-63 
7-1 2-63 
7-1 2-63 
7- 1 2-63 
7-1 2-63 
7- I 2-6 3 
7-1 2-63 
7-19-63 
7-19-63 
7- 19-63 
7- 19-63 
7- 19-63 
7-  19-63 

7- i 2-63 

0290 
0308 
031 B 
8328 
03282 
03283 
03284 
03285 
03286 
032B7 
0338 
0348 
0356 
0360 
037B 
0388 
f 6 A  
17 
18 
19  
21 
22 

Elliot See 

George Cooper 

Bob lnnir 


